Altered protein profile and possible hypoxia in the placenta of 2,3,7,8-tetrachlorodibenzo-p-dioxin-exposed rats.
Exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) during pregnancy causes fetal death in many animal species. In an earlier study we observed alteration of placental glucose kinetics at the same TCDD exposure level that resulted in fetal death (Ishimura et al., Toxicol. Appl. Pharmacol. 178, 161-171, 2002). In the present study, in order to identify the molecules that might explain the alterations of placental function and the mechanism of fetal death, we used two-dimensional gel electrophoresis (2D/E) to detect and identify placental proteins whose amounts changed after exposure to TCDD and we examined the expression properties of these proteins in the placenta during hypoxia by using the uterine artery ligation model. Pregnant Holtzman rats were given a single oral dose of 1600 ng TCDD/kg body wt or an equivalent volume of vehicle (control) on gestational day (GD) 15 and placental tissue was collected on GD16 and GD20. The 15,000 g supernatant fractions of placental homogenates from the control group and TCDD-exposed group were subjected to the 2D/E analysis, and the protein spots whose amounts had changed after exposure to TCDD were characterized by amino acid sequence analysis. The amounts of heat shock protein 27 (Hsp27) and beta-tropomyosin (beta-TM) in TCDD-exposed placentas tended to have increased on GD16 and had increased significantly on GD20, and these changes were followed by an approximately twofold increase in glyceraldehyde 3-phosphate dehydrogenase (GAPDH) on GD20. Next, the uterine-artery ligation model was prepared on GD15, and the hypoxic placentas were collected on GD20. Two-D/E analysis of the 15,000 g supernatant proteins of the placentas revealed an increased level of GAPDH but not of other proteins, including Hsp27 and beta-TM. The results of this study showed that the increase in GAPDH level during hypoxia previously observed in endothelial cells occurs in the placenta and indicated that the TCDD-exposed placentas were in a hypoxic state at the end of pregnancy. Finally, the results of this study suggested the possibility that the increased incidence of fetal death after exposure to TCDD was due to the placental hypoxia.